A 52-year-old man with an 8-year history of type 2 diabetes mellitus visits his primary care provider for advice. His glucometer readings at home have been high despite treatment with a sulfonylurea, a thiazolidinedione, and metformin at maximal doses. He has never smoked. His glycated hemoglobin value is 8.6% and his fasting blood glucose concentration ranges between 170 and 220 mg per deciliter (9.4 and 12.2 mmol per liter). His blood pressure, weight, and lipid profile are within recommended target ranges. The patient and his physician discuss therapeutic options and agree that insulin treatment should be initiated. The physician wonders whether the patient might benefit from inhaled insulin and refers him to an endocrinologist for evaluation.
The Cl inic a l Probl e m Diabetes mellitus, a major cause of illness and death across the globe, is responsible for a growing proportion of national health care expenditures. Insulin treatment is necessary for a substantial minority of patients with diabetes; more than 5 million Americans take insulin injections every day. 1-4 A wide range of subcutaneous insulins are available, many administered with penlike delivery devices and ultrafine needles that enhance the comfort and convenience of insulin treatment. 5 However, surveys indicate substantial resistance to insulin therapy on the part of both patients with type 2 diabetes who are not taking insulin and clinicians who care for such patients; the reasons for this resistance include anticipated pain, inconvenience, fear of hypoglycemia, and concern about weight gain. 6-8 True insulin and needle phobias are uncommon, although many patients appear to avoid insulin injections and blood glucose testing because of anxiety. 6,9-11 The youngest and oldest patients are least likely to accept injectable therapy and thus pose the greatest challenge for physicians who want to initiate insulin treatment. 12 Although resistance can be mitigated through education, efforts to develop oral, nasal, and inhaled formulations of insulin have been driven by the preference of patients to avoid subcutaneous injections. 13 
PATHOPH YSIOL O GY A ND EFFEC T OF THER A PY
Insulin is lifesaving for patients with type 1 diabetes, a disease characterized by beta-cell failure and insulin deficiency. Type 2 diabetes, by contrast, is characterized by defects in both insulin secretion and insulin action, with insulin deficiency usually emerging later in the course of the disease. Insulin supplementation is often required to attain good glycemic control in type 2 diabetes and is typically initiated if the glycated hemoglobin level is not in the target range despite treatment with a combination of oral hypoglycemic agents. Most proteins and peptides used for systemic therapeutic purposes, including insulin, have high molecular weights and are hydrophilic; as a result, the only suitable means of administration has been injection. 15 However, inhalation devices can now facilitate delivery of drugs to the lungs. Since the lung is a large microvascular organ, molecules that are formulated to reach the alveoli can gain access to the systemic circulation. 15, 16 Effective distribution in the lung requires particles that have an aerodynamic diameter between 1 and 5 μm. 15, 16 Many inhaled medications do not require a high degree of precision in dosing, and portable devices for inhaled drug delivery may be characterized by considerable dose-to-dose variation because of differences in inhalational flow rates. These devices are unsuitable for the administration of drugs such as insulin, for which dose consistency is critical. 17 The development of suitable inhalation devices has therefore been a limiting factor in the production of a reliable, clinically useful form of inhaled insulin.
So far, the only device for insulin inhalation that has been approved by the Food and Drug Administration (FDA) is an inhaler that delivers a dry-powder formulation of human insulin produced by means of recombinant DNA technology (Exubera, Pfizer) . After oral inhalation of a single dose of human insulin by means of this device, approximately 40% of the dose reaches the deep lung, and 10% of the total dose is bioavailable. [18] [19] [20] The amount of drug that is delivered to the oropharynx or swallowed is unlikely to have a clinical effect. 20 The interval between the administration of insulin and the onset of glucose-lowering activity is shorter with inhaled insulin (10 to 20 minutes) than with subcutaneously administered soluble (regular) human insulin and is similar to the interval with subcutaneously administered rapidacting insulin analogues such as aspart, glulisine, and lispro. These pharmacokinetic features make inhaled insulin a suitable agent for preprandial administration. Its duration of action is between that of the rapidly acting insulin analogues and that of regular human insulin. [20] [21] [22] CL INIC A L E V IDENCE Inhaled insulin has been compared with subcutaneous insulin regimens in patients with type 1 diabetes and in those with type 2 disease and has been compared with oral hypoglycemic agents in patients with type 2 diabetes. 23 All these trials were open label; most lasted for less than 6 months, and more than 90% of the participants were white. 23, 24 Among patients with type 1 or type 2 diabetes who received either a combination of neutral protamine Hagedorn (NPH) and regular insulin two to three times daily or a combination of ultralente each night and inhaled insulin before each meal, the glycated hemoglobin level at 6 months did not differ significantly between the two treatment groups. Patients who received ultralente and inhaled insulin had slightly lower rates of hypoglycemia. 25, 26 Adding thrice-daily inhaled insulin to existing oral therapy is generally more effective over a 12-to-24-week period than adding a second oral hypoglycemic drug taken once or twice a day. [27] [28] [29] However, as compared with oral agents for diabetes, inhaled insulin is consistently associated with a significantly higher incidence of hypoglycemic events. 23, [27] [28] [29] [30] In clinical trials, patients have been generally more satisfied with inhaled insulin than with subcutaneous insulin. 25, 26, 31, 32 Whether this outcome will be borne out in clinical practice remains to be determined.
CL INIC A L USE
The FDA and the European Medicines Agency have both approved the Exubera inhalation delivery system for the preprandial treatment of patients with type 1 or 2 diabetes. 18,33 Therefore, most of the available information regarding the use of inhaled insulin is based on studies of this agent. Several other manufacturers have preparations of inhaled insulin that are being evaluated in clinical trials but have not yet been approved.
Because of its rapid onset of activity, inhaled insulin is suitable for preprandial but not for basal use. Patients with diabetes that is suboptimally controlled with the use of oral agents alone can usually be successfully treated at the outset by adding a single subcutaneous dose of either NPH or glargine insulin that is given before bedtime and titrated to a target fasting glucose level of approximately 100 mg per deciliter (5.5 mmol per liter). 34 Patients who comply with such an ap-proach and whose glycated hemoglobin levels remain above target levels while they are receiving a basal insulin benefit from additional preprandial insulin therapy. Preprandial insulins such as inhaled insulin are therefore most suitable for patients with glycated hemoglobin levels that remain elevated after fasting glucose levels have been controlled with a basal insulin.
Inhaled insulin therapy may be especially useful for patients with a true needle phobia and those with extensive cutaneous lipodystrophy at injection sites, although the incidence of the latter problem is declining. 6 Inhaled insulin is not approved for use in pregnant women, children, or adolescents.
Smoking is a contraindication to the use of inhaled insulin; active smoking significantly increases the rate and extent of insulin absorption. 35, 36 In contrast, passive exposure to tobacco smoke in nonsmokers decreases the rate and extent of insulin absorption. 37 Clinicians should therefore exercise caution if they are prescribing inhaled insulin for patients who work or live in a smoky environment.
The use of inhaled insulin in patients with underlying lung disease such as asthma or chronic obstructive pulmonary disease is not recommended, since the absorption of insulin in these patients can be unpredictable, particularly when they are also using an inhaled bronchodilator. 37,38 A simple upper respiratory tract infection may be less problematic: according to the manufacturer of Exubera, an experimental rhinovirus infection did not change the absorption of inhaled insulin. 37 There are no data regarding the effect of more severe respiratory tract infections, such as pneumonia, on the absorption of inhaled insulin. Nevertheless, it is prudent for patients initiating treatment with inhaled insulin to be trained in the use and receive a supply of subcutaneous insulin for situations in which pulmonary absorption might not be reliable.
All candidates for inhaled insulin therapy should be taught how to check their glucose level before meals. They should also undergo spirometry, and the drug should not be used if the forced expiratory volume in 1 second (FEV 1 ) is below 70% of the predicted value. Measurement of the diffusing capacity for carbon monoxide is not mandatory but can provide a useful baseline for monitoring changes in pulmonary function over time.
With the Exubera inhalational device, the actuation of the dose and the inhalation are separated into two steps (see the video in the Supplementary Appendix, available with the full text of this article at www.nejm.org). When a dose of insulin is required, the patient extends the chamber and places a single blister of powdered insulin into a slot in the front of the device (Fig. 1) . The patient creates a compressed volume of air by squeezing the pneumatic handle. Once the device is activated, the powder is released into a visible cloud, where it is suspended in a small volume of air that can be inhaled. A 5-second breath-hold allows the drug to settle in the lungs. The dose of inhaled insulin is measured in milligrams rather than in units. The manufacturer's guidelines suggest that the initial estimate of the appropriate premeal dose should be 0.05 mg per kilogram of body weight. Thus, a person who weighs 100 kg should take 5 mg of inhaled insulin before each meal. However, unlike subcutaneous insulins, inhaled insulin is currently available in only two fixed doses (1 mg and 3 mg, approximately equivalent to 3 units and 8 units of insulin, respectively). Since only one blister can be used at each inhalation, multiple inhalations before each meal are necessary if the required dose of insulin is not exactly 1 mg or 3 mg. Furthermore, the received dose varies depending on the combination of blisters used. Consecutive inhalation of insulin from three blisters containing 1 mg of insulin apiece causes a 30 to 40% higher insulin exposure than inhalation of insulin from one blister containing 3 mg of insulin. Therefore, patients should not replace a single 3-mg dose with three consecutive 1-mg doses. 38 Patient education regarding the use of inhaled insulin is critical to maximize the consistency of technique and dose delivery. Maintenance of the inhaler is also essential. The device must be cleaned weekly and allowed to air dry, since moisture in the chamber absorbs the insulin powder. In addition, an internal valve (included with each box of insulin blister packs) must be replaced every 2 weeks; this step requires manual dexterity.
Follow-up should include spirometry at 6 months and then every year because of the potential effect of inhaled insulin on pulmonary function. If the FEV 1 is confirmed to have declined by more than 20% or by more than 500 ml from the baseline value, inhaled insulin should be discontinued indefinitely. 39
Inhaled insulin is more expensive than other mealtime insulin. The average monthly cost of inhaled insulin in the amount recommended for a 100-kg patient is approximately $112. 40 In comparison, the average monthly wholesale cost for a similar dose of injectable insulin is $33 for regular insulin, $76 for a rapid-acting insulin analogue, and $102 for a rapid-acting insulin analogue in a penlike delivery device. 41 Many managed-care organizations offer limited coverage for inhaled insulin, placing it in a tier of medications that require preapproval, higher patient copayments, or both. 40 
A DV ER SE EFFEC T S
Two studies involving patients with type 1 diabetes and one study involving patients with type 2 diabetes showed a lower overall incidence of hypoglycemia among patients who received inhaled insulin than among those who received injected regular insulin. 25, 26, 42 However, two of these trials showed an increased incidence of severe hypoglycemia among the patients who received inhaled insulin. 26, 42 The rate of hypoglycemia after the use of the Exubera device has not been compared with that associated with the alternative preprandial insulins (aspart, glulisine, or lispro) in head-to-head trials.
Diabetes is associated with abnormal lung function. 43, 44 Inhaled insulin has small additional effects on both the diffusing capacity for carbon monoxide and the FEV 1 , suggesting effects on the alveolar-capillary membrane and lung elastic recoil, respectively; it is not clear whether these effects are correlated. However, the FEV 1 declined by more than 15% from the baseline value in 1.3% of patients with type 1 diabetes who received inhaled insulin and in 5% of patients with type 2 diabetes who received inhaled insulin. This loss of lung function appeared to resolve within 6 weeks of discontinuation of inhaled insulin after up to 2 years of treatment. 39 It is not known whether these changes in pulmonary function can be predicted on the basis of cough or dyspnea; cough has frequently been reported in clinical trials of inhaled insulin. [25] [26] [27] 42 A r e a s of Uncer ta in t y Insulin acts as a weak growth factor when it binds to the type 1 insulin-like growth factor receptor. Short-term studies in animals have not shown a substantial effect on cell-proliferation indexes in the alveolar or bronchiolar areas of the lung. The long-term effects of supraphysiologic doses of insulin in the human lung or on neoplastic lung tissue are unknown.
Insulin antibody levels rise progressively with the increased duration of exposure to inhaled insulin in patients with type 1 or type 2 diabetes. 25, 26, 42, 45 These levels stabilize within 9 to 12 months after the start of treatment and decline but do not normalize after cessation of treatment. 37 Antibody levels are especially elevated among patients with type 1 diabetes, increasing by The Exubera inhaled insulin device is closed for portability and opened before use. It is activated after insertion of an insulin blister. The release unit must be changed every 2 weeks.
more than a factor of 8 after 6 months of the use of inhaled insulin. 37 The frequency of severe hypoglycemia and the onset or duration of insulin activity have not been shown to be altered in the presence of insulin antibodies, 45 but further study is required to confirm that these antibodies do not act as a reservoir for delayed insulin release. Studies have suggested that patients with diabetes are likely to prefer inhaled insulin over insulin injection, 31,32 in some cases by a ratio of 8:1. 46 It is not clear whether any increases in patient preference, acceptability, or satisfaction will be translated into increased compliance and improved glucose control. Managed-care companies and patients will need to decide whether they are willing to pay the additional price for this alternative insulin delivery system. Other inhaled insulin systems are in various stages of development and will need to be compared with the Exubera inhalation device. Finally, the longer-term safety and efficacy of this form of therapy have not yet been established.
Guidel ine s
In the United Kingdom, the National Institute for Health and Clinical Excellence recommends that inhaled insulin be prescribed only by diabetes specialists and for patients with needle phobia or severe problems at injection sites. 47 The German Institute for Quality and Efficiency in Health Care has concluded that inhaled insulin offered no additional benefit over subcutaneously administered insulin. 48 No guidelines for the use of inhaled insulin have been developed by expert groups or societies in the United States.
R ec om mendat ions
The patient described in the vignette presents with circumstances that are typical of many persons for whom insulin therapy is recommended. Although the concept of inhaled insulin is likely to be attractive to many such patients, we would first target the fasting glucose before introducing a preprandial insulin. After appropriate education and with the necessary support in place, we would begin treatment with a basal insulin given before sleep, adjusting the dose to achieve a mean fasting glucose level of approximately 100 mg per deciliter. Thus, we do not recommend the use of inhaled insulin in this patient. Should the patient later require preprandial insulin, the freedom from subcutaneous injection offered by inhaled insulin should be weighed against the necessity for multiple inhalations (sometimes at each dose), added cost, limited portability, risk of hypoglycemia, and unknown long-term adverse effects of this form of therapy.
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